Effect of modified atmosphere and temperature abuse on the growth from spores and cereulide production of Bacillus weihenstephanensis in a cooked chilled meat sausage.
The effect of modified atmosphere packaging (MAP) on the germination and growth of toxin producing psychrotolerant Bacillus spp is not well described. A model agar system mimicking a cooked meat product was used in initial experiments. Incubation at refrigeration temperature of 8 degrees C for 5 weeks of 26 Bacillus weihenstephanensis including two emetic toxin (cereulide) producing strains showed that B. weihenstephanensis is sensitive to MAP containing CO2. The sensitivity to 20% CO2 was dependent on strain and oxygen level, being increased when oxygen was excluded from the MAP. Growth from spores was observed at the earliest within 2 weeks when 20% CO2 was combined with 2% O2 and in 3 weeks when combined with "0"% O2 (the remaining atmosphere was made up from N2). Results were validated in a cooked meat sausage model for two non-emetic and one emetic B. weihenstephanensis strain. The packaging film oxygen transfer rates (OTR) were 1.3 and 40 ml/m(2)/24 h and the atmospheres were 2% O2/20% CO2 and "0"% O2/20% CO2. Oxygen availability had a large impact on the growth from spores in the MAP meat sausage, only the most oxygen restricted condition (OTR of 1.3 ml/m(2)/24 h and "0"% O2/20 % CO2 inhibited growth of the three strains during 4 weeks storage at 8 degrees C. Cereulide production was undetectable during storage at 8 degrees C irrespective of choice of the MAP (quantified by liquid chromatography mass spectrometry/mass spectrometry). MAP storage at 8 degrees C for 1 and 3 weeks followed by opening of packages and temperature abuse for 1.5 h daily at 20 degrees C during 1 week resulted in increased cell counts and variable cereulide production in the meat sausage. A pre-history at 8 degrees C for 1 week in MAP with OTR of 1.3 or 40 ml/m(2)/24 h and 2% O2 resulted in cereulide concentrations of 0.816-1.353 microg/g meat sausage, while a pre-history under the most oxygen restricted condition (OTR of 1.3 ml/m(2)/24 h, "0"% O2/20 % CO2 resulted in minimal cereulide production (0.004 microg/g meat sausage) at abuse condition. Extension of MAP storage at 8 degrees C for 3 weeks followed by abuse resulted in a substantially reduced cereulide production. Data demonstrates that MAP can be used to inhibit growth of a psychrotolerant toxin producing Bacillus spp. during chill storage at 8 degrees C, and substantially reduce the risk of emetic food poisoning at abuse condition. Results are of relevance for improving safety of ready to eat processed chilled foods of extended durability.